I. Introduction
Polyvinylidene fluoride, or polyvinylidene difluoride, (PVDF) is a highly nonreactive thermoplastic fluoropolymer produced by the polymerization of vinylidene difluoride. PVDF has four crystalline phases α, β, ɣ and δ depending on the chain conformation. Among them α is thermodynamically most stable and non polar in nature. β and ɣ are polar phase. Non polar PVDF is used as insulator and painting. Polar PVDF is used in energy harvesting, sensor, actuator, electronics e.t.c. PVDF has several properties like biocompatiable, chemical resistance, good film forming capability, cost effictiveness e.t.c.. Among four crystalline phase β is of great importance due to its spontaneous polarization and piezoelectric sensitivity. Because of this property tremendous effort has been paid to induce electroactive β phase in PVDF. Several methods are there to induce β phase in PVDF. It can be achieved by placing it into a high electric field which randomly orient CH 2 /CF 2 dipoles along with the electrical field direction. Different types of doping (like metal nanoparticle , hydrated salt for avoiding poling step) also done for achieving electroactive phase. The dielectric constant of PVDF is also high about 12, which makes it suitable to integrate in device for getting singnal to noise ratio less. It has glass transition temperature of -35 0 C which is much less than room temperature. So it is much flexible in room temperature. Now a days PVDF is largely used in nanogenerator application due to its piezoelectricity. PVDF is non toxic, flexible, easy to process make it suitable in nanogenerator application. PVDF or polyvinylidene fluoride is a polymer material which shows piezoelectricity when pressure or mechanical force applied on it. The material which shows piezoelectricity is called piezoelectric material. Piezoelectric material can be of crystals, ceramics or polymer. Piezoelectric crystals are like quartz, berilinite, gallium orthophosphate, and tourmaline.
Piezoelectric ceramics are like barium titanate, lead zirconate titanate, barium zirconate titanate. Some polymer (PVDF, PVDF -TrFE) also shows piezoelectric effect. Based on this properties a new type technology arises today. This is called nanogenerator. A nanogenerator is a type of device which generates voltage or power when a mechanical force or vibration applied on it. Among all piezoelectric material, polymer like PVDF is most suitable because it is nontoxic, flexible, bio-compatiable, high piezoelectric voltage constant. As already told PVDF exists in several forms: alpha (TGTG'), beta (TTTT), gamma (TTTGTTTG') and δ phases, depending on the chain conformations as trans (T) or gauche (G) linkages. Among them α does not show piezoelectric properties. β, ɣ and δ phase show piezoelectric properties. Generally PVDF is present in non polar(α) phase. To make PVDF polar, several approaches are there like stretching, metal nanoparticle doping, hydrated salt dpoing, electrospinning process e.t.c. Among all polar phase β phase is most important due to its high remnant polarization and highest dipolar moment per unit cell (8 × 10−30 C m) when compared to the other two phases. FTIR, bands and X-ray diffraction peaks typically used for the identification of the phases. Many researchers are paying attention to nanogenerators (NGs) as energy source in self-powered mirco-nano system. Now a days device are gradually decreasing in size and they need small power. In that case nanogenerator is useful as it generates voltage in the range of micro and nano order. It is also used in small battery charging, wireless power transmission, LED light glow e.t.c. 
II. PVDF
Polyvinylidene fluoride, or polyvinylidene difluoride, (PVDF) is a highly nonreactive thermoplastic fluoropolymer produced by the polymerization of vinylidene difluoride. As already told it has four crystalline phase depending on chain conformation structure. When poled, PVDF is a ferroelectric polymer, exhibiting efficient piezoelectric and pyroelectric properties. These characteristics make it useful in sensor and battery applications. PVDF has a glass transition temperature (T g ) of about −35 °C and is typically 50-60% crystalline. Unlike other popular piezoelectric materials, such as PZT (lead zirconate titanate), PVDF has a negative d 33 value. Physically, this means that PVDF will compress instead of expand or vice versa when exposed to the same electric field. PVDF is a specialty plastic used in applications requiring the highest purity, as well as resistance to solvents, acids and bases. Compared to other fluoropolymers, like polytetrafluoroethylene (Teflon), PVDF has a low density (1.78 g/cm 3 ). It is available as piping products, sheet, tubing, films, plate and an insulator for premium wire. It can be injected, molded or welded and is commonly used in the chemical, semiconductor, medical and defense industries, as well as in lithium-ion batteries. It is also available as a crosslinked closed-cell foam, used increasingly in aviation and aerospace applications. 
III. How Piezoelectricity Generates
Piezoelectricity is the ability of certain material to generate electrical voltage when a mechanical force or pressure applied on it. Material which shows this kind of behavior is called piezoelectric material. PVDF is also a piezoelectric polymer material. As already mentioned, α phase of PVDF is non polar, so it does not show piezoelectric effect. β and ɣ phase are responsible for generating piezoelectricity in it. Normally the charges of piezoelectric crystals are in balanced even they are not symmetrically arranged. The effects of charges are exactly cancel out, leaving no net charges in it. When a pressure or mechanical force applied on it, the charges are become out of balance. This effect of charges does not cancel each other, so net charges appears on both side of crystals. Such this way a voltage can be generate in it by simply pressing it. Now the piezoelectricity generation are depend on electroactive pahse and crystallinity of PVDF material. Normally PVDF material is not piezoelectric because it is in non polar phase. It is produced in large thin clear sheets which are then stretched and poled to give it the piezoelectric properties. Materials that have crystalline lattice structure, that is Repsonses of these dipoles to externally applied electric field would tend to cancel one another, producing no gross change in the dimensions of the piezoceramics. They do not have piezoelectric behavior at macro level. In order to obtain a useful macroscopic piezoelectric response, dipoles must be permanently aligned with one another. A process called poling is used for this purpose. A piezoelectric material has a characteristic Curie temperature. When heated above this temperature, dipoles can change oriention in the solid phase of the material. In poling process, material is heated above its Curie temperature and a strong electric field is applied. Direction of the electric field is the polarization direction and the dipoles shift into alignment with it. Keeping the electric field constant, material is cooled below its Curie temperature , with the results that the alignment of dipoles is permanently fixed. In this case, material is said to be poled.
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The electric field is in the opposite direction of the poled direction and the sheet is stretched length. Fig.4 . the electric field is in the same direction of the poled direction and the sheet is contracted in length.
IV. Nanogenerator
A Nanogenerator is a type of technology that converts mechanical/thermal energy as produced by small-scale physical change into electricity. It has three typical approaches: piezoelectric, triboelectric, and pyroelectric nanogenerators. Both the piezoelectric and triboelectric nanogenerators can convert mechanical energy into electricity. However, pyroelectric nanogenerators can be used to harvest thermal energy from a time-dependent temperature fluctuation. Different materials like zinc oxide nanowire, lead zirconate titanate, barium titanate nanowire, PVDF e.t.c. are used for nanogenerator preparation. Nanogenerator is expected to be applied for various applications where the periodic kinetic energy exists, such as wind and ocean waves in a large scale to the muscle movement by the beat of a heart or inhalation of lung in a small scale. It is generally used in Self-powered nano/micro devices, Smart Wearable Systems, Transparent and Flexible Devices, Implantable Telemetric Energy Receiver e.t.c.. Due to specific chain conformation in crystal unit cell and providing highest remnant polarization, β phase has attracted more attention than the others (ɣ and δ). A variety of methods have been developed to obtain such electroactive β-phase. Beta phase can be generated directly from electrospinning process. It generates fiber like structure and for nanogenerator preparation anode and cathode is placed on the both side of this fiber. Output voltage can be generated from this nanogenerator by applying mechanical force or vibration on it. It can be placed in our human body and it generates voltage from human body motion due to its flexibility. Due to its biocompatiable nature, it can be placed inside our human body and from inside human body motion it generates voltage. PVDF based nanogenerator is used in different application like LED light glow, capacitor charging, wireless transmission.
VI. Conclusion
PVDF generates voltage when pressure or mechanical force applied on it. The reverse process is also true that is when voltage is applied, it will vibrate. First property is applied in sensor application and reverse process is applied in actuator. For its biocompatiable property, it is used in biomedical sciences, like immunoblotting as an artificial membrane. PVDF membrane is also used in filtering devices. Piezoelectricity output depends on the percentage of electroactive phase in it. More electroactive phase generates more output voltage. Different materiasl are used to doped with PVDF for getting more piezoelectric voltage.
